We investigated changes in vascular plant species richness in nine summit floras in the central part of the Fennoscandian mountain range compared to historical data from 1950. We revisited the summits (defined as the top 50 altitudinal meters of each mountain) in 2002, and recorded all species. The changes in species richness were tested against both species and mountain characteristics. Species richness had declined on eight of the nine summits. Five of the species were new since the 1950s, while 17 species were lost from the summits. However, species turnover was even higher: 57 of our recorded species occurrences had established on at least one mountain since the 1950s, while we could not find 132 of the recorded occurrences in 1950 on one or more mountains. Temperature had increased since 1950 by about 1 uC and precipitation by 12%. The reindeer population has more than doubled. No correlations between plant responses, plant characteristics, and mountain characteristics were found, suggesting individualistic and mountain-specific responses. We conclude that climate changes may be responsible for an increased establishment and reindeer trampling for increased mortality of established individuals. However, the net result is a decline in species richness.
Introduction
Climate change has already affected the distribution patterns of species. Global meta-analyses have shown significant shifts in species distributions towards higher latitudes or altitudes (Parmesan and Yohe, 2003; Root et al., 2003) , with species moving on average 6.1 m per decade upwards on mountains. Alpine vegetation is seen as especially sensitive to warming as many plants occur close to their climatic limits (e.g. ACIA, 2004 ). An increased temperature is assumed to result in species shifts upward, both of alpine and lowland plants. This should lead to increased species richness at high altitudes, at least initially before competition may reduce species richness. Several studies have also shown increases in diversity on mountains in general and on mountain summits in particular. For instance, Grabherr and coworkers revisited several summits in the European Alps and compared the flora with historical records some 70-90 years old (Grabherr et al., 1994 (Grabherr et al., , 1995 . They found an increase in species richness by about 25% on most summits. Walther et al. (2005) also showed an increase in species richness on 9 out of 10 summits in the Alps as compared with historical data from both the 1900s and the 1980s.
In Fennoscandia, Klanderud and Birks (2003) compared historical data from the 1930s on 23 Norwegian mountains and found that species richness had increased on 19 out of 23 mountains by 10 species on average. This was most pronounced at lower altitudes, while summits showed only slight increases. Overall, about 54% of all recorded species at all altitudes showed an elevational advance (mean migration rate: 1.2 m yr 21 ). Kullman (2004) found strong altitudinal advances of several species in the order of 150-200 m in Jä mtland, Sweden, although this seems to have occurred after a general retreat of field layer plants in the 1970s and 1980s (Kullman, 1997) . All of the abovementioned changes were explained by an increase in temperature. Virtanen et al. (2003) compared several alpine plant communities on two mountains (one in Norway and one in Finland) with data from the 1920s. They found increases in forbs and grasses in snowbed communities, which they assigned to changes in snow cover. However, they also found significant reductions in the cover and number of lichens as a response to increased reindeer grazing and trampling.
In this study we used historical data from Kilander (1955) . He recorded the highest location of all vascular plant species present in the study area based on visits between 1942 and 1952. Kilander made repeated visits to the mountains and noted the highest localities of each species with an altimeter. His data consist of species from all altitudes on the mountains. However, we only extracted data from the summits. The aim of this study was to study changes in the diversity of summit floras in the Swedish county of Jä mtland by comparing present distributions with Kilander's records. Based on similar observations from the European Alps and from Norway, we hypothesized that mountain summit species richness would have increased in our study area during the last 50 years. We defined summit floras as all vascular plants present within 50 altitudinal meters of the summit. We extracted from Kilander (1955) all species with the highest occurrences within this altitude. In July 2002, we recorded all species found within the same altitude on the mountains. Two observers searched the area from the summit and 50 m downward and recorded the altitude of the highest occurrence of all species with the help of an altimeter (Huger EB 833H). The altimeter was calibrated at the summit of each mountain according to Kilander's readings. We searched all sides of the mountain until we could not find any more new species, but most time was spent on the southern sides where Kilander had found the most species. In the few cases where we had to abort the search because of bad weather, the summit was visited again a few days later. No late-lying snow-beds restricted our search in any of the localities.
In comparison, Kilander visited each mountain at least twice, and spent between 5 and 18 days on each mountain in total. He had visited some locations already in 1942, but the majority of the field visits were done between 1948 and 1952. He searched the entire area of each mountain for the highest occurrences of species, from the upper levels of the mountain birch forest (if present) to the summits. The forestline in the area is at about 850 m, with single trees or islands of trees reaching perhaps another 100 m in places. To somewhat compare Kilander's sampling effort with our own, we calculated the proportion of each mountain that the summit constitutes (calculated as elliptical areas from a map projection). If we further assume that Kilander worked for 10 h each day and spent an equal amount of time on each hectare of the mountain, he would have spent between 1 (Mount V. Tvär-å klumpen) and 10 (Mount Hammaren) hours on each summit in total. We spent between 1.6 (Mount Knippen) and 24 times (Mount V. Tvärå klumpen) that on each mountain. While it is obviously not true to assume that Kilander spent an equal amount of time on each part of the mountain, we have no data on the time he spent on the summits and thus we cannot compare our sampling efforts more directly.
Some of the species identified by Kilander were aggregated into groups to reduce the risk of misidentification of vegetative individuals. Carex atrata, C. atrofusca, and C. norvegica were placed in one group, Poa alpina, P. flexuosa and P. pratensis in another group, and Festuca ovina and F. vivipara in a third group. No subspecies or variants were considered. Two species were omitted from the study to reduce the risk of misidentification: Agrostis mertensii and Deschampsia alpina.
We identified species as 'increasers' or 'decreasers' if they showed an increased or decreased distribution among the summits, respectively. We tested if growth form (herb, woody plant, or graminoid), shoot height, or altitudinal distribution in Fennoscandia (from Lid, 1974) could explain the differences between the groups. Growth form was tested with a Chi-square test on the number of species in each growth form versus the two distribution categories. Shoot height and altitudinal distribution were tested with t-tests on the mean values for each variable. We also tested whether the number of species lost or gained on the summits could be explained by summit altitude, summit area, or by spatial location. Spatial location was tested with one-way ANOVAs by aggregating the mountains into three groups (see Fig. 1 ): Mounts Sylskalshuvudet, Knippen, Sylskalsstö ten, Hammaren, and Vaktklumpen in one group; Mounts Storsnasen, V. Tvärå klumpen, and Getryggen in another; and Mount Gå sen in a third. Summit altitude and summit area was tested with linear regressions of the number of lost vs. gained species on respective predictor variable. All tests were done in SPSS, ver. 14.
In the summer of 1997, we performed a pilot study to examine altitudinal trends of vascular plant species on Mount Helagsstö ten ( Fig. 1) . We compared the highest occurrences of all plants above 1000 m a.s.l. (i.e. on the whole mountain above the alpine plain) with the records of Kilander. The field work was guided by Kilander's notes, and most time was spent where he had found his highest recordings. The field work was done between 29 July and 19 August. Altitude was determined by a Paulin altimeter that was calibrated every day at known altitudes. Some of the species names have changed since Kilander did his study, and we use names in this paper according to Mossberg et al. (1992) .
Climate data, i.e. monthly temperature and precipitation, from the Storlien village (c. 25 km from the middle of the study area) for the period 1901 to 2002 were obtained from the Swedish Meteorological and Hydrological Institute. The meteorological station in Storlien was moved about 1900 m in 1961 from an altitude of 595 to 640 m a.s.l. However, data were continued to be recorded for the old station until 1964. To obtain a continuous time series, we used data from the old station for 1901 to 1964, calculated a correction factor for the new station based on the monthly differences for temperature and monthly ratios for precipitation between the stations (H. Alexandersson, personal communication), and corrected the data for the new station from 1965 to 2002. For the temperature data series, we then calculated average values for the summer season (June-August), while we summed the precipitation data to annual precipitation. We chose these variables under the assumptions that summer temperature will affect nutrient cycling and plant growth, while annual precipitation will affect both the length of the growing season and the moisture availability during the summer.
The entire study area is used for reindeer husbandry. The reindeer use the mountains for summer pastures, while winter pastures are found in the boreal forest east of the mountains. During summer, the reindeer are free-ranging, except for a few days during calf marking. Data on reindeer numbers for the county were compiled from SCB (1999), Moen and Danell (2003) , and data from the Swedish Board of Agriculture.
Results
In total, we found 90 taxa on the nine mountain summits. Five of these were not found by Kilander: these were Erigeron borealis, Gnaphalium norvegicum, Juncus biglumis, Juniperus communis, and Taraxacum sp. (see Appendix 1 for complete species lists). On the other hand, Kilander found 17 species that we did not record. These were Astragalus norvegicum, Calamagrostis neglecta, Carex rupestris, Draba norvegica, Dryopteris dilitata, Epilobium anagallidifolium, Equisetum variegatum, Gymnocarpium dryopteris, Nardus stricta, Phleum commutatum, Ranunculus acris, Sagina intermedia, Sagina saginoides, Salix lanata, Salix lapponum, Salix phylicifolia, and Silene dioica. The majority of these species were only found by Kilander on a single mountain.
Species richness declined in the 50 years between the studies on all summits, except on Mount Gå sen where species richness had increased (Fig. 2) . The overall decline was significant (Sign test df 5 8, p 5 0.039;). The largest decline was found on the highest mountain, Mount Sylskalsstö ten, with only 32 species in 2002 compared to 53 species in the early 1950s. The decline was more modest on the other summits with 4 to 11 species fewer than in Kilander's data set. Summit altitude was not significantly related to the number of species lost or gained, although the number of new species was close to significantly related to summit area (linear regressions; new spp. vs. altitude: p 5 0.37; lost spp vs. altitude: p 5 0.72; new spp vs. summit area: p 5 0.08; lost species vs. summit area: p 5 0.55). However, spatial location could significantly explain the number of species lost, with the group of mountains in the western part of the study area losing the highest number of species (ANOVA; F 2,6 5 10,63, p 5 0.01). However, the turnover of species was higher than the changes in species richness indicates. Comparing our data sets from all summits with those from Kilander, we find that 57 of our recorded species had established on one or more new summits since Kilander's study, while we could not find Kilander's recorded species on one or more summits in 132 cases. In fact, most species showed a mixed response (i.e. they were lost from some summits and had established on others). Only very common species, such as Carex bigelowii or Gnaphalium supinum, where consistently found in both Kilander's and our study.
Of the 32 species that had established on one or more of the summits, about 81% were present on the same mountain at lower altitudes in the 1950s and had thus increased their altitudinal distribution by an average of 84 m (std dev 5 79, median 5 48), i.e. a rate of increase of 1.6 m yr
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. The average altitudinal change for those species recorded by both Kilander and us on the summits was 22 m. As we did not record species below the 50 m limit, we cannot estimate the reduction in altitude by the taxa that we did not find on the summits.
We found no obvious correlations between responses and characteristics of the plants. Growth form, shoot height or altitudinal distribution in Fennoscandia were not significantly different between species that had increased or decreased their distribution on the summits (growth form: x 2 5 5 0.56, p 5 0.98; shoot height: t 5 0.18, df 5 17, p 5 0.86; altitudinal distribution: t 5 1.41, df 5 18, p 5 0.17). For instance, in the group that had established since Kilander's study, we find rosette herbs (e.g. Antennaria, Taraxacum, Erigeron), erect herbs (e.g. Epilobium), graminoids (e.g. Festuca, Juncus), and woody plants (e.g. Empetrum, Juniperus). The same is true for the group of species that were lost since Kilander's study. Many species also show mixed responses on the different mountains; for instance, Arabis alpina and Potentilla crantzii (herbs), were lost on two summits but had established on two other summits. We observed that some sites that were described by Kilander as wet and containing Eriophorum species were now largely overgrown with mosses and lacked vascular plants. Eriophorum angustifolium had also disappeared from four out of five summits. Many of the newly established species were only found as single non-flowering occurrences, but some were more abundant (e.g. Antennaria dioca and Luzula wahlenbergii). Overall, the responses of the plants seemed to be both species-and mountain-specific.
In the pilot study on Mount Helagsstö ten in 1997, we compared the highest occurrences of 155 species found above 1000 m a.s.l. with Kilander's records (see Appendix 2 for the complete species list). These data also show a surprisingly large dynamic in the plant communities: 25 species had decreased in their altitudinal distribution more than 50 m and 22 species had increased more than 50 m (Fig. 3) . The largest increases were shown by Cystoperis fragilis (+143 m), Arctostaphylos uva-ursi (+132 m), and Ranunculus acris (+129 m), while the largest decreases were shown by Polystichum lonchitis (2239 m), Arctostaphylos alpinus (2206 m), and Salix glauca (2192 m). Only shoot height was close to significantly different between the groups that had increased, decreased, or stayed at the same altitude (ANOVA; F 2,150 5 2.99, p 5 0.053). Growth form (ANOVA; F 2,150 5 1.67, p 5 0.19), or distribution in the county (ANOVA; F 2,150 5 0.49, p 5 0.61), did not explain differences between the groups.
Climate in the area shows considerable variation, but also some trends (Fig. 4) . Mean summer temperature (June-August) had increased by about 1.5 uC during the 20th century, and by about 1.0 uC since 1950. Some summers, especially in the 1930s, 1960s, and the late 1990s have been warm, while the summers of the 1920s, 1950s, and 1980s were relatively cold. Annual precipitation shows an increase by about 25% during the 20th century, and about a 12% increase since 1950.
The number of reindeer in the county has more than doubled since the 1970s (Fig. 5) . The highest numbers were found in 1993, after which the number dropped somewhat. However, the number of reindeer has remained higher than in the 1950s.
Discussion
We had expected to see a general trend of increased species richness on the mountain summits, in conformation with other studies and predictions (e.g. Grabherr et al., 1994 Grabherr et al., , 1995 Klanderud and Birks, 2003; Parmesan and Yohe, 2003; Root et al., 2003) . However, our results show a decline in species richness, except on one summit. It is hard to explain the contradictory pattern on Mount Gå sen, but a contributing factor may be that it is one of the more accessible summits in the area for hikers (with FIGURE 2. The number of species found on the summits. (Top) The total number of species. (Bottom) The number of species established and locally extinct on the summits since Kilander (1955) .
even a small barbeque site on the top plateau), so it is likely that this summit is more visited than the others. More visitors may possibly increase seed dispersal by functioning as vectors (Sun and Walsh, 1998; Potito and Beatty, 2005) . Perhaps more importantly, more human activity in an area may also keep reindeer away and thus reduce trampling and grazing pressure on this summit (Helle and Sä rkelä , 1993; Nellemann et al., 2003) .
The decrease in species richness on the summits is contradicted by a general increase in species richness on lower altitudes of the mountains in the area (Kullman, 2006) . Small shoots of FIGURE 3. Altitudinal change of all species on Mount Stora Helagsstöten above 1000 m a.s.l. compared to Kilander (1955) . Species identities can be found in Appendix 2. several exotic species, including broadleaved trees such as Ulmus glabra and Quercus robur and herbs such as Lupinus polyphyllus and Thlaspi caerulescens, have been found. This suggests that climate change is indeed having a positive effect on the colonization rates of many species in the area.
The species turnover on the mountain peaks was surprisingly large. Arctic/alpine plants are generally long-lived, and this is true also of our species. None of the species in our data set are annual, and only one can be considered to be biennial (Gentiana nivalis). The general longevity and resistance to climate changes in these plants have led to the concept of 'remnant populations,' i.e. plant populations that resist extinction by the ability to persist without completing the whole life cycle (Eriksson, 2000) . Even so, many plants, both on Mount Stora Helagsstö ten where we did a more complete survey and on the other peaks, changed their altitudinal distribution during the 50 years of this study. This included both upwards and downwards movements, which must be the result of different processes. An upwards movement must be the result of seed dispersal, germination, and establishment, while downwards movements must be the result of mortality of established individuals.
The increased summer temperature and precipitation shown by the climate data (Fig. 4) may have been positive for seed production, germination, and establishment in these alpine environments. For instance, germination of Oxyria digyna seeds (a common high alpine forb) is sensitive to small changes in temperatures, and microsite temperature must exceed 12 uC for more than half a day before seeds germinate (Humlum, 1980; Moen, 1993) . It is likely that higher temperatures are positive for the reproduction, establishment, and survival of most alpine plants (Kö rner, 1999) . Increased precipitation may also be beneficial for germination. Mid to high alpine environments, including our study sites, are characterized by a sparse vegetation cover, thin soils if any, and large gravel and boulder fields. Precipitation will tend to quickly drain away from most sites causing drought problems for the plants (Kö rner, 1999) . Increased precipitation may thus increase germination and establishment by alleviating drought stress.
It is more difficult to see how increased temperatures and precipitation may contribute to the mortality of established plants. Part of the changes may be due to changed competitive abilities between mosses and vascular plants due to higher precipitation. On several summits, and especially on Mount Sylskalsstö ten which had the largest reduction in species, we found wet sites completely dominated by mosses where Kilander had previously found Eriophorum species. Increased precipitation may have caused increased growth in the mosses, creating a thicker insulating layer and colder soils (van der Wal and Brooker, 2004) . This may in turn reduce nutrient cycling and lower the competitive ability of the vascular plants. However, since we did not measure the moss layer and we have no previous information on the distribution of the mosses on the mountain summits, we cannot test this hypothesis.
However, it should also be remembered that Eriophorum species are grazed by reindeer which may have caused some of the mortality of both these and other species. A study on habitat use of reindeer in our study area, based on pellet counts, showed that the reindeer significantly selected to use higher altitudes (Skarin, 2006) . This may sound counterintuitive as higher altitudes will have low forage quantities. However, a subsequent study with GPS-collared reindeer suggested that the use of high altitudes were related to avoidance of insects (Skarin et al., 2008) . During periods with expected high insect activities (warm days with low wind speeds), the reindeer tended to move to higher altitudes during the warm part of the day, and then return to lower altitudes to forage during mornings and evenings. This would create a relatively high grazing and trampling pressure on the low productivity, alpine plant communities. The significantly higher number of species lost from the western group of summits is also consistent with the behavior of the reindeer. These mountains are the furthest away from the majority of the hiking huts and trails in the area, and can thus be expected to have fewer visitors than the other summits. This may cause these less-visited summits to be even more preferred by the reindeer and they may thus experience an even higher grazing and trampling pressure.
Reindeer impact arctic-alpine plant communities through grazing and trampling (e.g. Suominen and Olofsson, 2000; Brå then and Oksanen, 2001; Moen and Danell, 2003; Hester et al., 2006) . Few studies have examined effects of reindeer on plant diversity, but it is likely that effects depend on productivity with generally negative effects in low productivity habitats (Austrheim and Eriksson, 2001) . Grazing in more productive environments may change the competitive relationships between plants and may thus have both positive and negative effects on diversity. Productivity on the studied summits is low, and plants have limited resources with which to respond to losses in biomass. This should result in negative effects of trampling and grazing on growth and ultimately survival (Hester et al., 2006) . We thus suggest that the reduced species richness that we have found may be a result of an increased pressure on mountain summits from an FIGURE 5. The number of reindeer in the county of Jämt-land, Sweden. The number is expressed as winter herd sizes. Summer herd sizes also includes calves and other animals harvested in the autumn.
increased reindeer population. However, this needs to be investigated further.
A possible source of error in any study based on revisitation of sites is, of course, differences in methodology. We believe that our sampling effort, measured as time, was at least as large or much larger than Kilander's for the summits. We were also lucky in that no large snow fields which could hide species were present the year that we did our survey. We aggregated some taxa (in both Kilander's and our data set) that were difficult to determine from vegetative shoots to reduce the risk of misidentifying species. We also believe that the summit data are the most accurate in Kilander's data set. In Kilander's own words [our translation]: ''You can only be sure to have found the highest occurrence of a species for those species growing at or close to a mountain summit unless you spent a long time on investigations. Thus, when I speak of 'the highest occurrence' of a species, I usually mean 'the highest occurrence that I have observed'.'' (Kilander, 1955, p. 8) . The largest difference between Kilander's method and ours is that he visited the mountains on different years (mostly between 1948 and 1952) . This may conceivably increase the probability of finding species and thus result in a higher number of recorded species on each mountain (see e.g. Kery et al., 2006) . However, it cannot explain the high turnover that we have found with species both increasing and decreasing their altitudinal distributions.
This study reinforces the view that plant responses to a changing climate will be individualistic and difficult to predict (e.g. Havströ m et al., 1993; Chapin et al., 1995; Callaghan et al., 1998) . We found no clear predictors in terms of taxonomy or morphology that would have enabled us to predict which species would respond in a certain direction. Perhaps the best predictor for the group that had advanced upwards was that they were already present on the mountain in the 1950s. The changes so far thus included the local flora. However, we were surprised to find such a high species turnover. These alpine plant communities may thus be more responsive to disturbances, including climate changes, than previously expected.
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